The involucrin gene of platyrrhines and hominoids contains a segment of lo-codon repeats which were added vectorially at the same site in the coding region. We have now cloned and sequenced the involucrin gene of four cercopithecoid monkeystwo macaques (mulatta andfascicularis) and two Cercopithecus monkeys (aethiops and hamlyni). Each gene contains a similar segment of short repeats; some of these were added in a common anthropoid lineage, others were added in a common catarrhine lineage, and still others were added in a common macaque or Cercopithecus lineage. Repeats added before a lineage diverges become synapomorphies in the sister taxa resulting from the divergence. Repeats added independently in different diverged lineages become parallelisms. The synapomorphies are the result of the action of a targeted duplication mechanism acting in a common ancestral lineage, but the parallelisms are the result of the same duplication mechanism transmitted to successively divergent sublineages and acting independently in each.
Introduction
Involucrin is a protein of the epidermis and other stratified squamous epithelia. It is one of the substrates of epidermal transglutaminase, an enzyme that catalyzes the formation of a cross-linked envelope beneath the plasma membrane of the keratinocyte Green 1977, 1979) .
The nucleotide sequence of the anthropoid involucrin gene is known for three New-World monkeys (Tseng and Green 1989; Phillips et al. 199 1) and five hominoids (Eckert and Green 1986; Djian and Green 1989~2, 1989b Teumer and Green 1989) . In each of these anthropoid species, the coding region of the involucrin gene contains a segment of short repeats. Although the involucrin gene of nonprimate mammals (Tseng and Green 1990) , of prosimians (Tseng and Green 1988; Phillips et al. 1990) , and of tarsioids (Djian and Green 199 1) also contains a segment of repeats, the anthropoid segment of repeats differs in location, sequence, and repeat length. The repeats in all anthropoids are similar, but there are enough differences to discriminate between matching and nonmatching repeats in different species and to identify duplication patterns within a lineage.
We now report the nucleotide sequence of the involucrin genes of two macaques, Macaca fascicularis and M. mulatta, and two guenons, Cercopithecus aethiops and C. hamlyni. Comparison of the repeats of these cercopithecines with those of hominoids and platyrrhines shows that the involucrin gene of all lineages of the higher primates 4 18 Djian and Green has been extended by the same mechanism of vectorial repeat addition. This mechanism gives rise to both synapomorphies and parallelisms.
Methods
Esophageal keratinocytes of Macaca fascicularis were obtained through the courtesy of Dr. R. H. Rice (University of California at Davis). Epidermal keratinocytes were obtained from skin biopsies of Cercopithecus aethiops (#383-86) and of M. mu-Zatta, performed by Dr. David Parritz (New England Primate Center, Harvard University ) . Keratinocytes of C. hamlyni ( #BK6-588 IO4 ) were derived from a skin biopsy performed at the San Diego Zoo, through the courtesy of Drs. Donald Jenssen and Meg Smith.
Keratinocytes were grown on a layer of irradiated 3T3 cells (Rheinwald and Green 1977; Simon and Green 1985) . Because keratinocytes of cercopithecoids multiplied slowly, contaminating fibroblasts grew appreciably, and DNA was prepared from the mixed cultures. Genomic libraries were made from size-selected fragments according to a method described elsewhere (Tseng and Green 1988; Simon et al. 1989) , except that the plasmid used was pUCl8. To obtain the first clone of the involucrin gene of M. fascicularis, we probed a genomic library of Hind111 fragments with a 5.5-kb XbaI-EcoRI fragment containing the whole involucrin gene of Pongo pygmaeus (Djian and Green 1989a) and obtained a clone with an insert of 3.3 kb and containing the entire coding region. We then made a second library, of PstI-BamHI fragments, and obtained clones containing a 1.9-kb insert consisting of the coding region less 26 1 nucleotides at the 5' end ( fig. 1) . To obtain involucrin clones of the other monkeys, the 1.9-kb PstI-BamHI fragment of M. fascicularis was used as a probe. From a library of BamHI fragments of M. mulatta we obtained clones containing a 2.4-kb fragment including the entire coding region. From similar libraries of C. hamlyni and C. aethiops, clones containing a 2.2-kb BamHI fragment were obtained.
After progressive digestion with nuclease BAL3 1 (Poncz et al. 1982) , the resulting overlapping fragments were subcloned into M 13 (Messing and Vieira 1982 ) . For each species, the nucleotide sequence of two independent clones was determined, first on one strand of clone 1 and then on the opposite strand of clone 2 ( fig. 1 ). The alignment of repeats and the cladistic analysis were performed by eye.
Results

Restriction Maps
Most restriction sites located outside the segment of repeats of the cercopithecines are also present in the hominoids (Djian and Green 1990); the exceptions are (a) a Hind111 site present 5 ' of the coding region in the four cercopithecines but absent from the other anthropoids and (b) another Hind111 site in the coding region 5' of the segment of repeats in Cercopithecus hamlyni alone. The two clones sequenced for each species did not differ in size, except for Macaca mulatta, whose two clones differed in the size of the NdeI-XbaI fragment. Clone 2, which gave rise to the smaller fragment, lacked one of the 33 repeats of clone 1 ( fig. 1 ) and diverged from it at two nucleotide positions. To confirm the polymorphism of the involucrin gene in M. mulatta, we digested genomic DNA from the same animal with N&I and XbaI, electrophoresed the products through a 4% agarose gel (NuSieve; FMC), and examined them by Southern blotting. In addition to larger fragments, we observed two fragments of The coding regions of the four cercopithecine genes are shown as boxes with the segments of repeats stippled. Eight restriction sites found in all four cercopithecine genes are placed in the center of the figure, along a horizontal line. These sites are located outside the segment of repeats. The Hind111 site 5' of the coding region is the only site restricted to the cercopithecines. The three framed sites are found in the prosimians as well as in the anthropoids. The circled BumHI site is present in the platyrrhines as well as in the catarrhines. The three underlined sites are found in hominoids, but it is not known whether they are also present in platyrrhines or prosimians. Distances separating restriction sites are given in base pairs. The distance between the framed PstI and HaeIII sites varies in the different species, depending on the size of the segment of repeats. At the top of the figure are shown Hind111 and PstI sites confined to the guenons. At the bottom ofthe figure are shown NdeI and XbaI sites confined to the macaques; the distance between the two sites differs in Macacu fuscicularis and in M. mulutta because the numbers of repeats in the involucrin genes of these two species is different. In M. mulutta, the two alleles sequenced differ by one repeat (30 bp); its location between the NdeI site and the XbaI site is indicated by a vertical bar through the segment of repeats. Arrows represent sequenced parts of overlapping M 13 subclones. For each species, two independent genomic clones were sequenced.
-6 15 and -645 bp, a pattern expected if one of two alleles lacked a single repeat between the NdeI and the XbaI sites indicated on figure 1.
General Features of the Coding Region
The coding region of the involucrin gene of the four cercopithecines is shown in figure 2 . As in other anthropoids, it contains a segment of repeats at site M. The Downloaded from https://academic.oup.com/mbe/article-abstract/9/3/417/1037258 by guest on 07 February 2019
Horn CAG GAG CAA ATG AAA CAG CCA ACT CCA CTG CCT CCC CCA TGC CAG AAG GTG CCT GTC GAG CTC CCA GTG GAG GTC CCA TCA AAG CAA GAG
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2.-Coding region. The consensus sequence of five hominoids is derived from Eckert and Green ( 1986) , Green ( 1989a, 19896, 1990) , and Teumer and Green ( 1989) . Nucleotides differing from those of this sequence are shown for the sequences of the four cercopithecines and for the consensus sequence of three platyrrhines The Involucrin Gene of Higher Primates 42 I sequence of the coding region flanking this site in the four cercopithecines can be aligned with the corresponding sequences in the hominoids and platyrrhines. Six nucleotides and a one-codon insertion are synapomorphic for the cercopithecines (or cercopithecoids) . Two nucleotides are synapomorphic for the macaques, and five are so for the guenons.
The Segment of Repeats
As in other anthropoid primates, the segment of repeats is composed of multiple duplicates of a lo-codon sequence belonging to two main types, A and B. The first three codons of A and B repeats are AAG CAC CTG and GAG CTC CCA, respectively; the remaining seven codons are identical in the two types. Repeats may be further distinguished by the presence of marker nucleotides deviating from the consensus sequence of either A repeats or B repeats. A small number of repeats lacking the first three codons cannot be classified as either A or B; they have been designated "X" repeats (Djian and Green 1990).
The nucleotide sequence of the segment of repeats in the four species is shown in figure 3. Repeats on the same line are considered orthologous. A summary of the alignment of cercopithecine repeats with those of Pongo pygmaeus is shown in figure 4.
The Early Region
All anthropoid species examined to date (five hominoids and three platyrrhines) possess 10 repeats (here numbered l-10) constituting the early region. The four cercopithecines are distinctive because all lack repeat 1; accordingly, this repeat must have been deleted in a common ancestral lineage; but, as we do not know whether repeat 1 is also lacking in the colobines, we cannot specify whether it was deleted in the common cercopithecoid lineage or later in the common cercopithecine lineage. Both guenons lack repeats 8 and 9 and share two shorter deletions, one consisting of three codons in repeat 2 and the other consisting of a single codon in repeat 10. The early region of the guenons is the most heavily deleted early region yet found. None of the cercopithecines possesses in its early region any repeats not present in the platyrrhines and hominoids.
The Middle Region
In the hominoids, the middle region is composed of 17-25 repeats. Of these repeats, 17 are shared by all of five hominoids, while seven are shared by different hominoid sublineages. In the platyrrhines, there are 15 repeats in the middle region, but none match repeats of the hominoid middle region (Phillips et al. 199 1) .
A. Repeats Shared by Cercopithecines and Hominoids
All four cercopithecines possess substantial middle regions containing 16-18 shared repeats designated by Latin letters (figs. 3 and 4). As seven of these repeats correspond to repeats present in the hominoid middle region, they are also designated by the Greek letters used earlier to identify them in the hominoids (Djian and Green 1990). Each repeat shared by the cercopithecines and hominoids (a/a, b/P, g/y, h/ 6, w/u, x/4, and y/x) is of the same type (A, B, or X) in the two taxons. This orthology is further supported both by seven coincident marker nucleotides in five of the repeats and by a common three-codon deletion in repeat g/y ( fig. 5 ). These seven repeats are considered synapomorphic for the catarrhines. As both guenons lack repeats A AAG CA%! ATG GAG CAG CAG GTG GAG CAG CTG 33 : A AAG CAC CTG GAG CAG CAG GAG GAG CAG CTG 24 A AAG CAC CTG GAG CAG CAG GAG GAG CAG CTG 32't GAG CAT CTG GAG CAG CAG AAG GGG CAG CTG 23
A GAG CAT CTG GAG CAG CAG &AG GGG CAG CTG 31 s EAG CAT CTG GAG CAG CAG AAG GGG CAG CTG 22
A GAG CAT CTG GAG CAG CAG AAG GGG CAG CTG 30 r'
A ORG CAC CTG GAG CAG CAG GAG GGG CAG OTG 29 ,p A OAG CAC CTG GAG CAG CAG GAG GGG CAG CTG 20
A GAG CAC CTG GAG CAG CAG GAG GGG CAG CTG 28 '0 A AAG CAC CTA GAG GAG GAG AAG GGG CAG TTG 27 A AAG CAT CTG GAG CAG CAG GAG GGG CAA CTG 26 -III' B GAG CTC CCA GAG CAG CAG GTG GGG CAG CTG 25 A AAG CAC CTG GAG CAG CAG GAG GAG CAG CTG 24 A GAG CAT CTG GAG CAG CAG MG GGG CAG CTG 23 ---------GAG CAG CAA GAG GGG CAG CTG 22 A QAG CRC CTG GAG CAG CAG GAG GGG CAG CTG 21 A AAG CAC CTG GAG CAG CAG GAG GGG CAG CTG 19 A AAG CAC CTA GAG GAG GAG AAG GGG CAG TTG 19 ' A AAG CAC CT1 GAG GAG GAG AAG GGG CAG TTG 18' II A AAG CAT CTG GAG CAG CAG GAG GGG CAA CTG 18
A AAG CAT CTG GAG CAG CAG GAG GGG CA1 CTG 17 1 B GAG CTC CCA GAG CAG CAG GTG GGG CAG CTG 17 B GAG CTC CCA GAG CAG CAA GTG GGG CAG CTG 16 1
A GAG CAC CTG GAG CAG CAG GAG GGG CAG CTG 12 A AAG CAC CT1 GAG GAG CAG AAG GGG CAG TTG 11
A GAG CAC CTG GAG CAG CAG GAG GGG CAG CTG 12 b//j A AAG CAC CT1 GAG GAG CAG AAG GGG CAG 'l!TG 11 a/a A AAG CAT CTG GAG CAG CAG GAG GGG CAA CTG 10 A AAG CAT CTG GAG CAG CAG GAG GGG CAA CTG 10 B GAG CTC CCA GAG CAG CAG GTG GGG CAG CCA 9 B GAG CTC CCA GAG CAG CAG GTG GGG CAG CC& 9 A AAG CAC CTG GAG CAG MG GAG AAG CAG CTG 8 A AAG CAC CTG GAG CAG AAG GAG AE CAG CTG 8 B GAG CTC CCA GAG CAG #A GAG GGG CAG CTG 7 B GAG CTC CCA GAG CAG AAA GAG GGG CAG CTG 7 A AAG CRC CTG GAG AAG CAG GAG GCA CAG CTG 6 A AAG CAC CTG GAG AAG CAG GAG GCA CAG CTG 6 B GAG CTC CCA GAG CAG CA1 GTG w CAG CCA 5 B GAG CTC CCA GAG CAG CAG GTG GCA CAG Cc1 5 A AAG CAC CTG GAG CAA CAG GA& AAG CAZ CT1 4 A AAG CAC CTG GAG CAA CAG GU A&G CAT CTA 4 B GAG CAC CCA GAG CAG CAG GAG GGA CPA CT1 3 B GAG CAC CCA GAG CAG CAG GAG GGA CAA CTA 3 A AAA CAT CTG GAG CAG CAG GAG GGG CAG CTG 2 A AAA CA2 CTG GAG CAG CAG GAG GGG CAG CTG 2
-Segment of repeats in four cercopithecines. The repeats on the same line are orthologous. All repeats are numbered from 3'to 5', and their type (A, B, or X) is given. As the cercopithecines (or cercopithecoids) are the only anthropoids that have deleted entire repeats in the early region, we have retained a number for these deleted repeats. Repeats of the middle region shared by two to four cercopithecines are designated by Latin letters. Seven of these repeats shared by the hominoids are also designated by Greek letters. Nonconsensus (marker) nucleotides are indicated by boldface characters. Deleted codons or repeats are indicated by dashes. Duplicated blocks of repeats are framed and linked by a bracket; the Roman numeral bearing a prime designates the more recently generated block. The asterisk indicates uncertainty about the relative age of two duplicate blocks. The sequence presented for Macaca mulutta is that of clone 1 ( fig. I ) ; clone 2 differs in that it lacks repeat 13 ( f) and possesses an A, instead of a G, in the third position of the sixth codon of repeat 5. Marker nucleotides shared exclusively by the four cercopithecines are circled in the sequence of Cercopithecus hamlyni. Marker nucleotides shared exclusively either by the guenons or by the macaques are underlined in the sequence of C. hamlyni and M. mulatta, respectively.
x/4 and y/x, these must have been deleted in an ancestor of the two species. The corresponding repeats are also deleted from the human gene but are not deleted from the gene of other hominoids Green 1989b, 1990) . 3. (Continued) 
B. Repeats Present in Cercopithecines But Not Present in the Hominoids
After its separation from the cercopithecines, the common hominoid lineage generated 10 additional synapomorphic repeats (C-K, v, o, x, cr, and 't). Except for repeat C,, which has been deleted in Pongo (fig. 4) ) these repeats are found in Homo, Pan, Gorilla, Pongo, and Hylobates (Djian and Green 1990) . In contrast, there is only one repeat (1) that is shared by the four cercopithecines and not by the hominoids. This repeat could have been added in either the cercopithecine lineage or the cercopithecoid lineage. After their divergence, the hominoids retained a common lineage long enough to add 10 repeats, whereas the cercopithecoid lineage diverged into multiple sublineages after addition of only one repeat. During this period of relative inactivity in repeat generation, there occurred 11 nucleotide substitutions synapomorphic for the cercopithecines or cercopithecoids; six were in the parts of the coding region flanking the segment of repeats, as mentioned above, one was in the early region of FIG. 4.--Summary of alignment of repeats of cercopithecines with those of Pongo pygmaeus. In the middle region of the cercopithecines a Latin letter preceded by a dash denotes a repeat added in the common macaque lineage. A letter followed by a dash denotes a repeat added in the common guenon lineage. A letter between two dashes denotes a repeat shared by the four cercopithecines. The origin of a duplicated repeat, when known, is given in brackets (e.g., [a'] is a duplicate of a, and [a"] is a duplicate of a'). Similarly, blocks II', III', and IV' are duplicates of blocks II, III, and IV, respectively. Block I of the e/m extension (repeats af, ag, and ah ) is a duplicate of block I of the middle region (repeats w/u, x/ 4, y/x). An asterisk indicates uncertainty as to which of two duplicates is older. The thick vertical bar separates those repeats of Pongo pygmaeus that are not orthologous to any in the cercopithecines.
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Downloaded from https://academic.oup.com/mbe/article-abstract/9/3/417/1037258 by guest on 07 February 2019 Chat---------GAG CRG C*G,&C GGG C*G,,$ After divergence of the macaques from the guenons, the former generated 11 repeats in the middle region and the latter generated 12 repeats. The macaques subsequently deleted repeat q. The origin of a number of repeats can be traced to block duplications of preexisting repeats ( figs. 3 and 4) . The origin of a few repeats (1 in the cercopithecines; f, i, u, and v in the macaques; and c, d, e, j, k, z, and ae in the guenons) cannot be traced, since they are not obvious duplicates of a more ancient repeat. Repeat f of both M. fusciculuris and one polymorphic allele of M. mulatta and repeat aa of C. hamlyni were ultimately deleted. Additions and deletions in the cercopithecine segments of repeats are summarized in figure 6. Late Additions to the Gene Of eight anthropoid species examined earlier, six possess a late region; only one hominoid (Pun) and one platyrrhine (C. albifrons) do not Green 1989b, 1990; Phillips et al. 199 1) . Although none of the four cercopithecines possesses a late region in its usual position 5' of the middle region, repeats 19-27 of M. fascicularis are late additions within the middle region of what is probably one polymorphic form of the gene. The monkey containing it made a single involucrin of large size (Parenteau et al. 1987, fig. 1 B, second lane from left) , but other members of a small M. fascicularis population sampled made involucrins of other sizes, and one of these sizes is compatible with the absence of repeats 19-27.
The e/m Extension
We previously described a group of two to five repeats located at the 5' end of the segment of repeats and shared by different hominoids. It is now evident that these repeats are also shared by the cercopithecines and therefore should be shared by other cercopithecoids. The four or five repeats of the e/m extension of the four cercopithetines are shown in figure 7 , where each is aligned with a repeat in the corresponding location of the hominoids and platyrrhines. The e/m extensions of the cercopithecines match not only each other but also those of Pongo pygmaeus. Matching is supported by an identical repeat pattern (BABAA) and by three to six coincident marker nucleotides. Of the hominoids, only Pongo pygmaeus possesses the full five repeats; several repeats have been deleted in the human and Pun, and all have been deleted in Gorilla and Hylobates. It seems clear that the common catarrhine lineage possessed an e/m region consisting of five repeats; of these, the cercopithecines retained most or all, but the hominoids usually deleted most or all.
Similarly, at the 5' end of the segment of repeats of the platyrrhines there is a group of one to three shared repeats. These repeats are orthologous in different platyrrhine species, since they form the same repeat pattern, BAB, and share marker nucleotides ( fig. 7) . It is not clear whether these repeats and the repeats in the same location of the catarrhines have a common origin. The penultimate repeat in two platyrrhines and the penultimate repeat in the four cercopithecines share a marker nucleotide. It seems possible that the three 5'-most repeats in the e/m extension (repeats ah-aj ) were generated in a common anthropoid ancestor while the next two repeats (af and ag) were generated more recently in a common catarrhine ancestor. If so, the former would be contemporary with the anthropoid early region, and the latter would be contemporary with the catarrhine middle region (hence the term "e/m"); but the evidence for this is slender, and it is more likely that the entire e/m extension is a separate part of the middle region and was generated independently in platyrrhines and catarrhines.
Duplicates of the e/m Extension
In the four cercopithecines and Pongo pygmaeus, repeats w/v, x/d, and y/x of the middle region match the three 3'-most repeats of the e/m extension (af, ag, and ah). As both blocks of three repeats form the pattern BAA and share two marker nucleotides ( fig. 8) ) one block is clearly a duplicate of the other. Since both blocks are shared by the cercopithecines and Pongo pygmaeus, the duplication must have occurred in a common catarrhine ancestor. Downloaded from https://academic.oup.com/mbe/article-abstract/9/3/
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Synapomorphy versus Parallelism
For use in cladistic analysis, a derived character state must have evolved in a single lineage and been transmitted to two sister taxa. When two lineages evolve a similar character state independently, the evolutionary change is described as "parallelism" or "convergence." Whether these two terms may be usefully distinguished has been questioned (Eldredge and Cracraft 1980, p. 7 I) , but the occurrence of parallelism has been thought to depend somehow on related ancestry (Simpson 196 1, p. 78; Mayr 1969, p. 202; Hecht and Edwards 1976; all cited in Eldredge and Cracraft 1980, p. 71) .
Studies of molecular evolution of homologous genes in relation to phylogeny regularly show not only synapomorphic nucleotides but also fortuitously shared nucleotides discordant with phylogeny. Since there is no intrinsic means of distinguishing the two categories, shared nucleotides are assigned to one or the other according to their relative frequency (maximum parsimony, etc.); this is necessary because nucleotide substitutions in most genes are accidents of DNA replication and not the result of a systematic process acting on a precise target.
In contrast, the addition of repeats to the anthropoid involucrin gene is a systematic process targeted to one part of the gene. Throughout anthropoid evolution, the repeats added have been serial duplicates of the same IO-codon sequence first duplicated in the early history of that lineage. Although there has been variety in the number of repeats duplicated in a single event, and although there have also been anachronous additions, the process of repeat addition has been mainly vectorial: the oldest repeats are clustered at the 3' end of the segment of repeats, and the most recently added repeats are clustered near the 5' end. This order is of great value in analyzing the evolutionary changes. Moreover, the mechanism of repeat addition underlying this order has itself been transmitted throughout anthropoid evolution.
From comparisons of the repeat structure of different anthropoid species, it is clear that ( 1) there are both synapomorphic repeats and repeats acquired independently in parallel trends sustained in all sublineages; (2) because the repeats are sufficiently differentiated in sequence, it is possible to discriminate between synapomorphic repeats and the repeats that result from parallel addition; and (3) the mechanism for generating both kinds of repeats is the same.
The result of the process of repeat accumulation in the anthropoids is summarized in figure 9 . In the early region, a single line rising to 10 repeats means that all 10 repeats found in anthropoid sublineages are synapomorphic. In the middle region, the lines for the platyrrhines and catarrhines separate, indicating that after the divergence their repeat additions are parallelisms; however, both within the catarrhines and within the platyrrhines, the repeats added up to the next divergence are synapomorphic for the resulting lineages. Finally, all late additions are parallelisms.
As figure 9 illustrates, there is considerable variation in the total number of repeats generated within each taxonomic group, and there is overlap between the different groups. But the hominoids seem to have been the most active in repeat generation: the five hominoids, four cercopithecines, and three platyrrhines have an average of 44, 32, and 30 repeats, respectively.
The inherited mechanism responsible for targeted repeat addition may itself be a derived character of the anthropoids. On the other hand, the mechanism may be older than the anthropoids, and only its directed use may be confined to the anthropoids. There are examples in which the targeting of the mechanism within the involu- Additions to the Segment of Repeats FIG. 9 .-Increase in size of segment of repeats during anthropoid evolution. On the right is shown the total number of repeats in each of the 12 anthropoid species. These repeats were added, beginning early in a common anthropoid lineage, by addition of repeats of a lo-codon sequence present in prosimians in a single copy only. Repeats added to the early region are synapomorphic to all anthropoids. Repeats of the middle region were added independently in platyrrhines and catanhines, an example of parallel evolution. Repeats were also added independently in hominoids, macaques, and guenons. The e/m extension is included in the middle region. Late additions were made independently in each species. Because a number was retained for deleted repeats in the early region, the total number of repeats added in the Cercopithecus monkeys is smaller than the largest number assigned to a repeat in figs. 4 and 7. Cal 7 Cebus albifrons; Soe = Saguinus Oedipus; Atr L = A. trivirgatus, large allele; Hla = Hylobates Iar; Ppy = Pongo pygmaeus; GgoL = Gorilla gorilla, large allele; Ppa = Pan par&us; and Hsa = Homo sapiens, the largest allele known (Simon et al. 199 1) . Other abbreviations are as in the legend to fig. 2. crin gene (the location of the hot spot for repeat addition) departs from the strictly vectorial; but there are other examples in which it is strictly controlled (Simon et al. 199 1 ), The degree of precision in the targeting and the size of the duplicated blocks are important factors permitting us to distinguish synapomorphy from parallelism.
